including also the largely discussed position of Testudines.
INTRODUCTION 44
Cell-cell communication is a basic principle in all organisms, necessary to facilitate the 45 coordination and integration between cell populations, and with their environment. Indeed,
46
integrative mechanisms as nervous and endocrine systems have appeared early along the evolutionary process and play a very important role, regulating many physiological processes in 48 all animal phyla. As it is known, these systems act by mean of messengers which can be basically 49 grouped as hormones and neuromodulators. Among these chemical messengers, peptides 50 constitute a highly diversified group of molecules widely distributed in nature, and regulate a 51 great number of physiological processes in most groups of Metazoa, from cardiac and visceral 52 muscle activity, to more complex phenomena as sleep-wakefulness, and appetite.
53
Being this family of messengers crucial for life, it would seem that they have appeared in the 54 ancestral group from which Metazoa evolved, and became highly conserved along the 55 evolutionary process. Indeed, peptidic messengers are present in Hydra sp. and others members 56 of the phylum Cnidaria [1] [2] [3] [4] , as well as in Trichoplax adhaerens, a member of the neuron-less 57 animal phylum Placozoa [5] [6] [7] , that also shares a common ancestor with Bilateria.
58
Peptides act mainly through G-protein coupled receptors (GPCRs), a complex and ubiquitous 59 family of transmembrane molecules. GPCRs are widely distributed in Vertebrata, but also, this 60 family of proteins, have been proved to be present in all metazoan, including Placozoa, Cnidaria,
61
Ctenophora and Porifera, which share a common ancestor with Bilateria; also in Choanoflagellata cells at the level of the digestive system, acting in a paracrine and also endocrine way [25] [26] [27] [28] .
88
Looking for the evolutionary origin of allatoregulatory peptides, Alzugaray et al. [1, 2] 
3.2-Predicted sequences and general relationships between the animal phyla:
As a result of 179 a multiple sequence alignment, it also seems clear that at least two region of the AT/Ox receptor 180 were highly conserved. One comprising the third transmembrane domain and its associated 181 intracellular loop, and the second one comprising the TM7 (Fig. 1 ).
182
As a first approach to understand the relationships between the total sequences analyzed, a 183
Neighbor-Joining analysis were performed (Fig. 2) . The analysis shows that, as might be 184 predicted, Placozoa (two sequences) and Cnidaria (three sequences pertaining to two different 185 species of Anthozoa), clusters together sharing a common ancestor. Interestingly, the only 10 186 sequence fitting the characteristics of the AT/Ox family of GPCR in Hydra vulgaris (Cnidaria:
187
Hydrozoa) is clustered alone as the sister group of Bilateria (Fig. 2) . 198 also shows that these two sequences fit in the same clade, suggesting that the Type 1 Ox receptor 199 appeared at least twice along the evolutionary history of Vertebrata (Fig. 2) .
200
Finally, the three best represented groups (i.e. Arthropoda, and the Type 1 and 2 receptors of 201 Vertebrata) can be recognized at least by a highly conserved motif at the level of the interphase 202 between TM3 and the second intercellular loop (see Table 2 and Supporting Information File 1).
203

3.3-Evolutionary history of orexin receptors in vertebrates:
As previously stated, there exist 204 two types of receptors in Vertebrate (i.e. Type 1 and Type 2). A ML analysis clearly divides the 205 groups analyzed in two clades based on the Type 1 and Type 2 characteristics (Fig. 3 ). As we 206 described above, two out of three sequences predicted for L. oculatus are grouped in the same 207 clade of Type 1 receptor of Mammals. The other one (accession number XP_006638920) is 208 grouped as a Type 2 receptor in the Actinopterygii clade ( Fig. 3) .
209
Regarding the Type 2 group, beyond that the Sarcopterygii are not grouped as a clade, showing 210 Coelacanthimorpha, Amphibia, and the rest of tetrapoda a common ancestor with Actinopterygii 11 211 and Chondrichthyes, the more represented groups (i.e. Mammals, Acitnopterygii and Sauropsida)
212 are well defined as monophyletic groups (Fig. 3) .
213
3.4-Sauropsida: As a first attempt to further understand the evolutionary history of the Ox 214 receptor family, we decide to go deeper in the analysis of two groups of vertebrates well 215 represented in our sample, as Sauropsida and Actinopterygii are, looking also for signatures 216 motifs for every group analyzed. In fact, after a detailed analysis of the alignments for each group,
217
we could find signature motifs, that once blasted in the GenBank, remitted specifically to most of 218 the groups under study ( Table 2) .
219
A ML analysis of Sauropsida shows two well supported clades conformed, one of them by 220 Lepidosauromorpha species, including those corresponding to Iguania and Serpentes,
221
traditionally grouped in the order Squamata, and the second one, conformed by Archosauria and 222 Testudines (Fig. 4) . Regarding Squamata, sequences in the TM5 -IC Loop 3 seems to be 223 characteristic, showing Serpentes and Iguania the motifs APLCLMVLAYLQIFQKLWCQQ 224 and MAPLCLMVLAYLQIFQKLWC respectively ( Table 2) .
225
As would be expected, Archosauria presents a well-defined phylogenetic pattern involving 226 Crocodylomorpha, with species representing the three extant groups (i.e. Gavialoidea;
227
Alligatoroidea and Crocodyloidea) and Aves. The clade including Crocodylomorpha seems to be 228 characterized for four different signature motifs; two located at the N-terminal domain, one
229
corresponding to the C-terminal, and a third one in the IC Loop 3 (see Table 2 ). With respect to 230 the birds, a sequence located in the interphase between N-terminal and TM1 would act as a 231 signature (Table 2) .
232
The clade corresponding to Aves, currently accepted as members of Coelurosauria (Dinosauria:
233 Saurischia), shows the sequence YEWALIAGYIVVFIVA in the interphase N-terminal -TM1, 234 fully conserved (Table 2) . With respect to the phylogenetic relationships, the main groups are 235 represented and grouped as well, including Paleognathae (Tinamus guttatus), and Neognathae 236 which in fact form two well supported clades including Galloanserae and Neoaves (Fig. 4) . Moreover, the two groups of Galloanserae are represented by four species pertaining to different 238 genus, grouped in the expected clades. In fact, Anser cygnoides and Anas platythynchos 239 (Anseriformes), and Coturnix japonica and Gallus gallus (Galliformes) form two monophyletic 240 groups. Regarding the Neoaves, only two currently recognized orders, Psittaciformes (represented 241 by two species) and Passeriformes, are well defined (Fig. 4) . Passeriformes represented by 16 242 sequences, would be recognized by the sequence TSNIDEAM at the C-terminal domain.
243
Moreover, two families in this group, Pipridae and Paridae, would also be identified by signatures 244 at the level of the C-terminal domain ( Table 2) .
245
The last point to analyze is the position of turtles which phylogenetic position have been largely 246 discussed. Our analyses shows the clade of Testudines, represented by species pertaining to three 247 different families, as the sister group of Archosauria (Crocodylomorpha + Aves). Indeed, the 248 sequence ASTESRKSLTTQISNFDN corresponding to the C-terminal domain, identify the 249 Archosauria-Testudines clade (Fig. 4 , Table 2 ). 
291
As it is known, GPCRs are widely distributed in nature, being associated with the regulation of a 292 great number of physiological mechanisms. As they are engaged with critical processes it is not 293 rare that they were conserved along the evolutionary processes, being appeared early in the 
298
We have previously shown that GPCRs are present in a variety of Metazoa, including T.
299 adhaerens, the multicellular organism pertaining to the neuron-less phylum, Placozoa [1] . 333 be suggesting that this receptor had appeared more than once along the evolution of Vertebrata.
334
As a way to further understand the evolutionary history of this family of receptors, we decided to 335 go deeper in the analysis of Type 2-like receptor phylogenetic relationships in two groups of 336 Vertebrata (Sauropsida and Actinopterygii). In both of them, our results show that the sequences 337 phylogenetic relationships are mostly in agreement with current hypothesis about their phylogeny.
338
As 
546
Currently proposed groups are clearly represented at higher taxonomic levels. The analysis also 547 recognizes taxa at lower levels including families defined by characteristic motifs that might be 548 considered as signatures.
